Background: Diabetes mellitus (DM) is a serious chronic disease with its tendency to deteriorate. The DM cases worldwide in 2015 was 415 million people and it is estimated to increase as many as 642 million cases in 2040. Indonesia ranked 7 in the world with 10 million cases of DM in 2015, about 90% of which were Type 2 Diabetes Mellitus. This study aimed to determine the effect of biopsychosocial factors and calorie intake on the blood glucose control in patients with Type 2 DM. Subjects and Method: This was an analytic and observational study with case control design. This study was carried out at Internal Medicine Polyclinic, Department of Endocrinology, Dr. Moewardi Hospital, Surakarta, Central Java, from October to November 2016. A total sample of 135 cases of Type 2 DM were selected for this study by fixed disease sampling. As many as 106 of these study subjects at HbA1c ≥6.5%and 29 cases of Type 2 DM had HbA1c<6.5%. The dependent variable was HbA1c level. The independent variables were educational level, family income, psychological stress, calorie intake, and Body Mass Index (BMI). The data were collected by a set of questionnaire. HbA1c was measured by High Performance Liquid Chromatography (HPLC), which was recorded in the medical record. Calorie intake was measured by 24 hour food recall. Psychological stress was measured by International Physical Activity Questionnaire (IPAQ). The data was analyzed by path analysis on STATA 13. Results: Psychological stress (b= 0.99, 95% CI= 0.07 to 1.92, p= 0.034), calorie intake (b= 1.84, 95% CI= -0.24 to 3.92, p= 0.083), and BMI (b= 1.15, 95% CI= 0.22 to 2.08, p= 0.016), had positive and statistically significant effect on HbA1c. Calorie intake increased BMI (b= 2.35, 95% CI= 0.31 to 4.39, p= 0.024), education decreased calorie intake (b=-2.26, 95% CI= -3.38 to -1.14, p<0.001), and family income increased calorie intake (b= 1.23, 95% CI= 0.26 to 2.21, p= 0.013). Conclusion: Calorie intake, BMI, psychologi stress, and family income are associated with increase in HbA1c level. Education decreases HbA1c level via decreased calorie intake. Type 2 DM patients need to pay attention to these biopsychosocial factors and calorie intake in order to control blood sugar.
BACKGROUND
Diabetes mellitus is a serious chronic disease with a tendency to deteriorate (Colberg et al., 2010; Bilous and Donelly, 2015) . About 5-7% of world population suffer from DM and in 2012 there were 21 million people with DM in the United States (ADA, 2012; CDC, 2014) . In 2015 there were 415 million diabetic people worldwide and were estimated will be increasing to 642 million in 2040 (IDF, 2015) . Based on an estimation there are 1.7 new DM cases each year (CDC, 2014) . Indonesia ranked 7 in the world with 10 million cases of DM (IDF, 2015 and will be increasing to 21.3 million in 2030 (ADA, 2012) . DM prevalence in Indonesia in 2013 was 6.9% and 90% of it was type 2 diabetes mellitus. Surakarta was a city in Central Java with the highest type 2 DM prevalence, that was 22,534 cases (Health Ministry of the Republic of Indonesia, 2013) .
Diabetes became the first of the leading cause of death in the world with 5 million people die each year, it means every 6 seconds there is 1 person die for diabetes (IDF, 2015) . DM became the cause of death no. 7 in United States that was 69,071 and estimated as the 7 th of the world cause of death in 2030 (ADA, 2012) . Blood glucose control on patients with diabetes is important to prevent the emergence of complication, both micro vascular and macro vascular (Perkeni, 2011; Bilous and Donelly, 2014) . The achievement in controlling blood glucose level can be observed by monitoring the level of hemoglobin glycemic (HbA1c) (Farmer, 2009) . HbA1c is a reflection of control on blood glucose of DM patients during 8-12 weeks which is better than observing urine and blood sugar concentration. Level of HbA1c <6.5 shows controlled glycemic index on diabetic patients and HbA1c ≥6.5% shows uncontrolled glycemic index (Bilous and Donelly, 2014) .
Major key of type 2 diabetes mellitus management is diet and life style modification such as avoiding psychological stress. The major purposes of the management are to reduce the demand for production of endogenous insulin, to increase insulin sensitivity by reducing body weight for obese patient and to increase glycemic control (Lawn et al., 2009) . Appropriate control on blood glucose level can reduce the risk factors of cardiovascular diseases which contribute to 70-80% of death as the result of type 2 diabetes (Bilous and Donelly, 2014) . About 80% of type 2 DM patients are proven enduring obesity or over weight (Bilous and Donelly, 2014) . DM patients' blood glucose level escalates as much as 1.1 times on peripheral obesity and 1.6 times on central obesity although not significant (Mihardja, 2009 ). The increasing of IMT escalates the risk of insulin dependency as much as 1.77 in 25 ≤ IMT ≤ 27.49 to 3.57 in IMT ≥40 and increasing death risk as much as 40% on overweight and 300% on obese patients (Gray et al., 2015) . Sensitivity toward insulin on DM patients with obesity is decreasing so that blood glucose level in blood circulation increases.
Body weight loss is very important in blood glucose level control by reducing total calorie intake and/or increasing physical activities as well as energy expenditure. Body weight loss by 0.5-1 kg per week can increase glycemic control by limiting energy and diet on mono unsaturated fatty acid (MUFA) (Bilous and Donelly, 2014) . Energy/ Calorie intake is related to the control of fasting blood glucose level of type 2 DM patients. Insulin helps glucose gets into cells through metabolism process of some nutritions such carbohydrate, protein, fat that produce glucose and insulin help glucose gets into cells. The reduction of insulin receptor in DMT2 causes only small amount of glucose that can get into cell and big amount of free glucose in blood circulation that can generate hyperglycemia. Carbohydrate and fat intake is related to control of blood glucose level and protein protein intake is not related to the control of blood glucose level (Parutu, 2012) . High content of carbohydrate and fat within food intake causes big amount of glucose can not be absorbed by cells then it initiates uncontrolled blood glucose level, whereas protein acts more as cell builder function of body which does not interfere in the control of blood glucose level (Almaitser, 2011) .
Deterioration of the disease and drug dependence trigger the emergence of psychological stress on DMT2. In stress condition the production of cortisol is increasing, insulin's function is obstructed and hepar will initiate gluconeognenesis so that glucose level is increasing. Continous stress generates lack of sensitivity towars insulin so that blood glucose level increases and metabolic syndrome also diabetic ketoacidosis (Mitra, 2008; Bilous and Donelly, 2014) . Stress blockades body from releasing insulin hormone for DMT2 patients, thus initiate hyperglycemia and the increasing level of blood glucose (Izzati and Nirmala, 2015) .
Control on blood glucose level is also influenced by education and family income. People with high level of education (>12 years) are likely to have healthier life behavior by controlling their diet compared to those with lower level of education. A person with high level of education is likely to get job opportunity that can improve family income. Patient with high level of education is easier in receiving therapy given by doctor to control glucose level. Family high income enables someone to buy a lot of food which is high in fat, whereas one with low income tends to buy food with high carbohydrate thus increases blood glucose level. High social economy increases blood glucose level as much as 1.3 times compared to lower social economy level, however it is statistically insignificant and there is no association between education and blood glucose level, however uncontrolled blood glucose level is likely to occur to patients with low level of education (Mihardja, 2009) .
Examination on HbA1c becomes an indicator in the achievement of blood glucose level control on DMT2 patients. Therefore factors that are able to increase the level of HbA1c need to be investigated to be a guidance for preventing DMT2 secondary patients from emerging metabolic complication. A preliminary study in Dr. Moewardi Hospital found that the frequency of diabetes mellitus patients' visits in Internal Medicine Polyclinic, Department of Endocrinology every month are as many as 300-400 cases with HbA1c conducted once every three months.
High prevalence of DM patients' visits turn into big challenge for health personnel to make patients to be self reliance by managing the determinats of blood glucose level control to reduce the risk of complication emergence on DM patients. Based on the elaboration above therefore it was important to conduct a study about the analysis on determinant pathway of blood glucose level control on DMT2 patients. The study was prognosis research whose result was expected to give contribution in deciding which determinant could give the most influence toward blood glucose control on DMT2 patients as a prevention step over diabetic complication.
SUBJECTS AND METHOD
This study used observational analytic design with case control approach. Data collection was conducted on October 17-November 25, 2016 in Internal Medicine Polyclinic, Department of Endocrinology. Dr. Moewardi Regional General Hospital Surakarta. Variables used in this study were education, family income, calorie intake, Body Mass Index, psychological stress, and HbA 1c level. Target population was the entire diabetes mellitus patients who were undergoing examination in Internal Medicine Polyclinic, Department of Endocrinology, Dr. Moewardi Hospital, Surakarta. 135 samples were selected using fixed disease sampling with comparison 1:4 between case group (HbA1c<6.5%) dan control group (HbA1c ≥6.5%). Data collection techniques by using questionnaires, IPAQ, 24 hour food recall medical records. The data was analyzed by using path analysis with STA-TA 13. Table 2 shows that case group consists of more male (84.4%) and elementary school backgrounded (92.3%). 
RESULTS

Characteristics of Research Subjects
DISCUSSION
The research tested hypothesis on biopsychosocial factors and calorie intake in blood glucose level control of DMT2 patients. Uncontrolled DMT2 patients (HbA1c ≥6.5%) possessed higher psychological stress, calorie intake, and BMI compared to controlled DMT2 patients (HbA1c <6.5%). Meanwhile the education level of uncontrolled patients seemed to be lower than controlled DMT2 patients. Most of uncontrolled DMT2 patients were male. Control of blood glucose level on DMT2 patients occurred because of the increasing calorie intake, BMI, psycho-logical stress. High calorie intake was influenced by the low education level and high family income.
Diet and life style modification became major key in controlling blood glucose level of DMT2 patients (Bilorus , dan Donelly, 2014). The result of the study showed that there was a positive association between calorie intake and HbA1c level. Normal calorie intake with HbA1c level was 1.84, however it was statistically insignificant (p=0.083). Calorie intakes on both groups in this study were different, in which the calorie intake of case group was much higher than control group's. Mean of calorie intakes on both groups was below Recommended Dietary Allowance (RDA) which was the result of patients' awareness in managing their daily diet therefore the lack of comparison with over calorie intake made the study result was insignificant. Energy/calorie is obtained from metabolism process of some nutritions such as carbohydrate, protein, and fat that are sourced from food which is eaten every day and broken down into glucose with the help of insulin. On DMT2 patients there is a disruption of insulin secretion or disruption in insulin sensitivity, so that lots of glucose can not be transformed into energy and most glucose circulates in the blood, causes uncontrolled level of blood glucose on DMT2 patients which can be observed from the increasing level of HbA1c. High calorie ingestion will increase the level of HbAic and statistically significant (Parutu, 2012) .
Calorie intake interfere indirectly in glucose control through BMI. Normal calorie intake increases Body Mass Index by 2.35 and statistically significant (p= 0.024). Reduction of calorie intake aims to attain ideal BMI so that blood glucose level turns into under control. Reduction of total calorie intake need to be conducted to lower down and attain ideal BMI. The gradual reduction of body weight by 0.5-1kg per week and at least 4 kg is able to soothe hyperglycemia. The reduction of body weight can be attained by cutting carbohydrate intake, high monounsaturated fatty acid (MUFA) diet as well as energy release restriction (Bilorus and Donelly, 2014) .
Education and family income were related to calorie intake, in which high education on DMT2 patients is able to reduce calorie intake as much as 2.25 compared to lower education and statistically reliable (p<0.001). DMT2 patients with high level of education possesses better knowledge and obedience toward diet, exercise, takeing/ injecting diabetic medicine compared to those with lower level of education, therefore it is likely to control daily calorie intake (Miharja, 2009; Parutu, 2012) .
Most of research subjects with high level of education held less calorie intake (<90% RDA) as much as 92.8. It is because respondents with high education were likely to have sufficient knowledge about their disease and to comply with doctors' suggestion (Aliasgharzadeh et al., 2006) . In addition to education calorie intake was also interfered by family income. Family income was associated with calorie intake and statistically significant (p=0.013). High family income increased the calorie intake by 1.23 times of low family income. Family income of controlled DM patients was much higher than uncontrolled DM patients' family income and categorized as high family income. High family income would increase purchasing power thus would increase total calorie intake whereas low family income was likely to fulfill primary needs which were higher in calorie than nutrition (vegetables and fruits intake). Furthermore, low family income reduce the opportunity to do physical exercises compared to high family income. It caused both high family income and low family income held influences in the increasing of calorie intake (Majgi, 2012) . It would generate poor glucose control on patients of diabetes mellitus type 2 with low income.
Calorie intake which keep on increasing on DMT2 will increase the amount of glucose which is stored in a form of fat. It can be observed from the growing bady weight and Body Mass Index. Around 80% DM2 patients are proven to endure obesity or over weight and the risk of diabetes progressively increases along with the improvement of nutritional status (BMI). The risk of diabetes will increase by 80% during 10 years on those with BMI more than 35 kg/m2 compared to those with BMI less than 22kg/m2 (Bilous and Donelly, 2014).
The study shows that there was a direct association between BMI with HbA 1c, in which BMI increasedHbA1c level and statistically significant (p=0.016). Over BMI on DMT2 patients increased HbA1c level 1.1 5 times higher compared to normal BMI. It was enabled by the characteristics difference of respondents on case and control groups (p<0.05), therefore it was possible for the occurrence of other variables that influence HbA1c level. Mean of BMI on case group was way higher than control group's and it was included in overweight category. Most of DMT2 patients possess over BMI, in which on DMT2 there is a problem in insulin sensitivity, therefore blood glucose level control is determined more on the activating of insulin receptor by doing diet and physical activity/ exercise as well as quit smoking (Bilous and Donelly, 2014) . BMI reduction is very important to lower down the risk factor of cardiovascular diseases (CVD) such as hyperlipidemia, hypertension that contribute toward 70-80% of deaths as the result of DMT2. Logue et al (2011) state that there is significant relationship between age and Body Mass Index (BMI) on female DMT2 patients compared to male. Women are likely to have adipose fat tissue and over belly fat (central obesity) compared to men, therefore the reduction of insulin sensitivity is greater happen to women that generates uncontrolled blood glucose level. Mean of fat on female was 26.9% of total weight and on male was only 14.7% of total male body weight. Excessive fat on women is stored in belly, chest, and upper body parts. High level of body fat generates increasing BMI on women that affects poor control on blood glucose level.
BMI is closely related in increasing blood glucose level on women compared to men. It happens since men are likely to have more muscle as the result of their activities and women hold more fat. Skeletal muscle will activate adiponectin peptide hormone to activate Activated Protein Kinase (AMPK) to suppress acetyl CoA Carboxylase (ACC) from synthesis of malonyl-CoA for bio synthesis of fatty acid in liver. AMPK activation also increases glucose and fatty acid releases from blood bio synthesis within liver metabolism. HbA1c level is increasing by 18% on overweight with HbA1c ≥7-8 gr% (OR= 1.18; 95% CI= 1.13 to 1.22), increasing by 15% on HbA1c ≥8-9 gr% (OR=1.15; 95% CI=1.01 to 1.21), increasing by 16% on HbA1c ≥9 gr% (OR= 1.16; 95% CI=1.01 to 1.21) (Innocent et al., 2013) .
Body function which is declining and continuous medical treatment lead DMT2 patients to be stress-prone. The study result showed that psychological stress was directly related to blood glucose level control. Moderate psychological stress would increase the level of HBA1c by 1.24 times higher compared to mild stress, however it was statistically unreliable (p= 0.056). It was possibly because of the different psychological stress characteristics between respondents on case and control group that it was possible for the occurrence of other factors outside the stress that was influenced by blood glucose control. In this study almost most of the patients who made repeated visits in Internal Medicine Polyclinic of Dr. Moewardi Regional General Hospital, Surakarta were regular patients who already understood and embraced their sickness, patients tend to let go and accepted their current condition. Respondents who were frustrated with their condition was due to their inability to do daily activities by themselves, dependency over treatment, deteriorating disease, and on male patients were likely endure libido decreasing that generated lack of confidence toward their spouses and it triggered psychological stress. Patients of lengthy type 2 DM (>5 years) tend to be over in blood glucose level and uncontrolled, that may cause micro vascular complication such as erection dysfunction. Male patients are likely to be concerned more on impotence problems compared to blindness and amputation. Impotence causes stress to diabetes mellitus type 2 patients and leads to uncontrolled blood glucose (Harahap, 2006) . Stress on DMT2 patients can cause problems in controlling blood glucose level because of the increasing cortisol that blockade insulin (Mitra, 2008) . The study was not in accordance with Nugroho dan Purwanti (2010) who states that there is an association between psychological stress and the increasing of blood glucose level. Continually high concentration of cortisol is a predisposition factor to the emergence of metabolic complication on DMT2 patients (Anagnostis et al., 2009; Kan PH et al., 2014) . During stress condition hypothalamus will send signal to adrenal glands to produce catecholamine, glucagon, glucocorticoid, β-endorphin hormones and stimulates pituitary gland to produce growth hormone and release it into blood circulating system. The increasing of hormone will stimulate heartbeats, respiration, blood pressure, and metabolism. Over production of cortisol stimulates liver to conduct gluconeogenesis and obstruct insulin function thus generates the increasing of blood glucose. Meanwhile glucose that is produced in liver is not used for body metabolism consequently there will be glucose level escalation in blood. As the result, body accumulates a lot more energy, glucose and fat in cells that generate uncontrolled blood glucose on DMT2 patients (Mitra, 2008) .
The study was not in accordance with Izzati and Nirmala (2015) who stated that there was an association between stress level and blood glucose level of DM patients in the area of Rasimah Ahmad Municipal Healthcare Center Bukit Tinggi and statistically significant (p=0.017). The study revealed that severe stress boosted by 9 times the risk to endure increased blood glucose level compared to moderate stress. Someone who is severely stressed will produce a lot more cortisol as the result it reduce body sensitivity toward insulin. Cortisol is an opponent of insulin and makes glucose to be a lot more difficult to get into cells so that it generates increasing glucose in blood circulation (Wade and Tavris, 2007) . Stress makes people lose their self control, stimulates to eat snack and food that is comforting outside regular meal time by eating their favorite food such as chocolate, sweets, ice cream, between meals. Moreover, someone who is anxious is likely to do less activities and forget to check blood glucose level. It leads to increasing blood sugar level on DMT2 patients and poor blood glucose control (Mitra, 2008) .
The higher calorie intake, BMI and psychological stress will increase the level of HbA1c. Calorie intake increases BMI, whereas family income increase calorie intake. The higher education level of DMT2 patients the more decreasing daily calorie intake will be.
